



























. , 1: slow switching
(100 ) ,, Hansel , . (
,
[3, 4]. 2 . $O(1)$ ).
, [5]. , 2
, .
,
[6, 7]. 2 , $\wedge$ , $=$
, , .










, $\phi_{i}$ $i$ $(i=1, \ldots, N),$ $\omega$ , $\Gamma(\phi)$
$2\pi$ , $K>0$ . ,
,
[1]. (1) , $\phi-\omega tarrow\phi$ , $Ktarrow t$
, $\omega=0,$ $K=1$ . ,
$\Gamma(\phi)$ . $\omega=0$ , $K>0$
.
, Hansel $[$4 $]$ .
$\Gamma(\phi)=-\sin(\phi+\alpha)+r\sin(2\phi)$ . (2)
$\alpha$ $r$ , , , , $\pi$
2 .
. , $\pi$ 2 . ,
$\alpha=1.25,$ $r=0.25$ ( 2 ) , slow switching
[4].
2.1 Slow switching
Slow switching $N\geq 4$ . $N=4$ . $\alpha=1.25$ ,
$r=0.25$ , , , 3
,
. , 2 .
, 2 ,
heteroclinic loop , slow switching .
$\phi$
2: Hansel . $\alpha=1.25,$ $r=$
0.25.





. 2 A $B$ 2
$(1. 2\in A;3,4\in B)$ (1) $F$
$\dot{\phi}_{i\in A}=\Gamma(0)+\Gamma(x)$ , (3)
$\dot{\phi}_{i\in B}=\Gamma(0)+\Gamma(-x)$ , (4)
$x$ $x$ $\phi_{i\in A}-\phi_{i\in B}$ . (3) (4)
, .
$=\Gamma(x)-\Gamma(-x)$ , (5)
$\dot{x}=0$ ( ) 2 ,
. , 4 .
$\lambda_{0}$ $=$ $0$ , (6)
$\lambda_{1}$ $=$ $\Gamma’(0)+\Gamma’(x^{*})$ , (7)
$\lambda_{2}$ $=$ $\Gamma’(0)+\Gamma’(-x^{*})$ , (8)
$\lambda_{3}$ $=$ $\Gamma’(x^{*})+\Gamma’(-x^{*})$ . (9)
, $\lambda_{1(,2)}$ A$(,B)$ 2
, $\Delta\vec{\phi}=(1, -1,0,0)$ $\Delta\vec{\phi}=(0,0,1, -1)$
. $\lambda_{3}$ 2 , $\Delta\vec{\phi}=$
$(1,1, -1, -1)$ . $\lambda_{0}=0$ $($ $\Delta\vec{\emptyset}=(1,1,1,1))$ ,
. , $N-1$
.
(2) $\alpha=1.25,$ $r=0.25$ , $x^{*}\sim 0.89,$ $\lambda l\sim 0.62,$ $\lambda_{2}\sim-0.86$ ,
$\lambda_{3}\sim-0.60$ , 2 .
$x=-x^{*}$ , $\lambda_{1}$ $\lambda_{2}$ . , $x=0$ $x=\pi$
.
23
, 2 , 2 ,
heteroclinic loop .
, (1) . (1) ,
, , , $–$
. , 2 ,
. ,
, , . , $\phi_{i}=\phi_{j}$ .
4 3 $($ $\phi_{1}-\phi_{4},$ $\phi_{2}-\phi_{4},$ $\phi_{3}-\phi_{4}$ $)$ . 2 $E_{A}$
EB , , $\phi_{1}=\phi_{2}$ $\phi_{3}=\phi_{4}$ . ,
2 2 $(x=\pm x^{*})$ $(x=0, \pi)$ .
, $x=x^{*}$ .




, . , $x=-x^{*}$
, 4 . , , $x=x^{*}$
EB , $x=-x^{*}$ EA . ,
. ,
, ,
heteroclinic loop . , heteroclinic loop
. , $\alpha$ $r$ slow switching .
2.4 Attracting heteroclinic loop
, heterolinic loop









$N$ , 2 . A
$i=1,$ $\ldots,$ $Np,$ $B$ $i=Np+1,$ $\ldots$ , $N$ .
$K=1$ . .
$\dot{\phi}_{i\in A}=p\Gamma(0)+(1-p)\Gamma(x)$ , (10)




5: 2 $(p, x^{*})$ .
, $\lambda_{3}\leq 0$ $\lambda_{3}>0$
.
6: 2 $(p, x^{*})$ .
, 2 , $\dot{x}=0$ , $p$ $x$ .
$p= \frac{\Gamma(0)-\Gamma(x)}{2\Gamma(0)-\Gamma(x)-\Gamma(-x)}$ , (13)
2 $(p, x^{*})$ . $(p, x^{*})$ $N=4$
, .
$\lambda_{1}=p\Gamma’(0)+(1-p)\Gamma’(x^{*})$ Np–l,
$\lambda_{2}=(1-p)\Gamma’(0)+pI’(-x^{*})$ $N(1-p)-1$ , (14)
$\lambda_{3}=(1-p)\Gamma’(x^{*})+p\Gamma’(-x^{*})$ 1.
(2) $\alpha=1.25,$ $r=0.25$ $(p, x^{*})$ , 5 6 .
23 , heteroclinic loop $(p, x^{*})$ $(p, x^{*’})$
$(p\neq 0.5$ $x^{*}\neq-x^{*’}$ $)$ . $(p, x^{*})$
$\lambda_{1,2,3}$ $(p, x^{*’})$ $\lambda_{1,2,3}’$ $\lambda_{1},$ $\lambda_{2}’>0;\lambda_{2},$ $\lambda_{1}’,$ $\lambda_{3},$ $\lambda_{3}’<0$ .
heteroclinic loop $\lambda_{1}\lambda_{2}^{l}/\lambda_{2}\lambda_{1}’<1$ .
$p$ heteroclinic loop . ,
, 2 , .
3
(1) , heteroclinic loop
? . ,
, heteroclinic loop
. , $N=4$ , 2 2 .
$\tau$ 1.
$\dot{\phi}_{i}=\omega+\frac{K}{N}\sum_{i=1}^{N}\Gamma(\phi_{i}-\phi_{j}+\tau)$. (15)
$1_{\mathcal{T}}$ 4 , ,
.
82
, $(\phi_{1}=\phi_{2}=\phi_{3}=\phi_{4})$ . $N-1$
$\lambda_{perfect}=K\Gamma’(\tau)$ . , $\Gamma(\phi)$ $\phi=\tau$
. 2
, $\phi=\tau_{c}$ , $\tau=\tau_{c}$ .
$\phi=\tau_{c}$ .
$\Gamma(\phi)=c0+c_{2}(\phi-\tau_{c})^{2}+c_{3}(\phi-\tau_{c})^{3}+O((\phi-\tau_{c})^{4})$ . (16)
$c_{2}>0$ . $\omega-Kc0arrow\omega,$ $|c_{3}|Karrow K,$ $c_{2}/|c_{3}|arrow c_{2}$ ,
$c0=0,$ $c_{3}=c_{3}/|c_{3}|$ .
$c_{3}<0$ ( (2) slow switching ,
$c_{3}<0$ ). $c_{3}=-1$ . $x^{*}$ , $\dot{x}=\Gamma(x+\tau)-\Gamma(-x+\tau)=0$
.
$x^{*}=0,$ $\pm\sqrt{\Delta\tau}\sqrt{2c_{2}-\Delta\tau}+O(\Delta\tau^{\frac{3}{2}})$ . (17)
$\Delta\tau=\tau-\tau_{c}$ . 2 $x^{*}=\sqrt{\Delta\tau}\sqrt{2c_{2}-\Delta\tau}$ (7-9)
.
$\lambda_{1}$ $=$ 2 $c_{2}(x^{*}-\Delta\tau)+O(\Delta_{\mathcal{T}^{2}}^{3})$ , (18)
$\lambda_{2}$ $=$ $-2c_{2}(x^{*}+\Delta\tau)+O(\Delta\tau^{\frac{3}{2}})$ , (19)
$\lambda_{3}$ $=$ $-8c_{2}\Delta\tau+O(\Delta\tau^{\frac{3}{2}})$ . (20)
, heteroclinic loop
$(\lambda_{1}>0, \lambda_{2,3}<0, \lambda_{1}<-\lambda_{2})$ . , $c_{3}<0$
.
(i) $\tau=\tau_{c}$ ,
(ii) 2 2 ,
(iii) 2








. , , 3 ,







$\frac{dA_{i}}{dt}=F(A_{i})+KG(A_{i}(t), A_{j}(t-s))$ , (21)
, $A_{i}$ $i$ $(i=1,2;j=2,1),$ $F$
, $G$ , $s$ .
( $K$ ) .
$\frac{d\phi_{i}}{dt}=\omega+K\Gamma(\phi_{i}(t)-\phi_{j}(t-s))$ . (22)
$\Gamma$ [1] , ,
. , (22) $\dot{\phi}_{i}=\omega+O(K)$ , .
$\phi_{j}(t-6)=\phi_{j}(t)-\omega s+O(Ks)$ . (23)
(22) , .
$\frac{d\phi_{i}}{dt}=\omega+K\Gamma(\phi_{i}(t)-\phi_{j}(t)+\omega s)+O(K^{2}s)$ . (24)
















$\phi=\tau$ $\sim 0.13$ .
, $A=(x, y)^{T}$ , $\dot{A}=F(A)$ Hindmarsh-Rose ,
. $s=0$ , (25) $\Gamma$
( 7). 3 , . $\Gamma’(0)<0$




$c3<0$ ). , $\omega s\geq\tau_{c}$ 1
, heteroclinic loop . $K=0.1,N\geq 4$
, , $\omega s=0$
$\omega s=0.3$ slow switching .
4.3 delayed feedback
,
. , , Hansel





$A_{i}=(Xi, yi, \ldots)^{T}$ $i$ $F$
. $P_{j}(t)$ .
$P_{j}=\{p(x_{j}), 0, \ldots\}^{T}$ , (27)
$p(x_{j})= \sum_{n=0}^{M}k_{n}\{x_{j}(t-\tau_{n})-a_{0}\}^{n}$ . (28)
$p$ $M$ $\tau_{n}$
$n$ $a_{0}$ $(\epsilon=0)$ $x_{2}$
( $x$ )
,




$Z_{x}(\phi)=\partial\phi/\partial x$ . $\Gamma,$ $Z_{x},p$
$\Gamma(\phi)=\sum_{l}g\iota e^{il\phi}$









$c_{l}(c\equiv h, z, a, b)$ $c\cdot l=c_{-l}^{*}$
$x(\phi)$ $Z_{x}(\phi)$ $b_{l}$ $aa,$ $\ldots,$ $k_{0},$ $\ldots,$ $k_{M},$ $\tau_{1},$ $\ldots,$ $\tau_{M}$
$2M+1$ $k_{n}$ $\tau_{n}$ $2M+1$ $b_{l}(l=0, \pm 1, \ldots, \pm M)$
$z_{l}=0$ $gl(l=0, \pm 1, .., , \pm M)$
$gl(l=0, \pm 1, \ldots, M)$
(33) $k_{n}$ $\tau_{n}$
[9, 10] , , slow switching
, , .
5
. P. Ashwin (
[11] ). ,
.
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